Summary
A high incidence of necrotizing vasculitis was observed in 9 individuals from a group of 32 Beagle dogs. The clinical, biochemical, haematological and pathological features of the disease are described and the possible aetiology discussed. This condition has not been seen in other animals from the same breeding stock either before or since the outbreak and it is of some concern that such a cluster of cases could reappear in the future.
Necrotizing vasculitis as a primary lesion in the dog is generally considered a rare event and descriptions of the disease have referred to isolated cases (Kelly, Grunsell & Kenyon, 1973; Harcourt, 1978; Easley, 1979) .
During a feeding study at this laboratory, 9 of 32 young adult Beagle dogs were found to have necrotizing vasculitis. In 4 of 9 affected dogs the disease was subclinical and only evident on histopathological examination of tissues. The animals were bred in a single colony and formed part of a dietary safety evaluation study from 23 to 44 weeks of age.
Materials and methods
All dogs were housed singly, indoors, in airconditioned kennels and had free access to food (BP Lab. Diet A) and water. Clinical, biochemical, haematological and histopathological examinations were carried out on all 32 dogs.
Clinical signs and mortality
The physical condition of the animals was carefully observed at least once daily. Each dog was subjected to a clinical examination at about 30 weeks of age. A similar examination was carried out on all surviving dogs at approximately 43 weeks of age, together with electrocardiographic and ophthalmoscopic examinations.
Haemarology and clinical biochemistry
Blood analyses were performed on each individual when the animals were aged approximately 30, 35, 39 and 43 weeks. Haematological parameters monitored comprised packed cell volume, haemoglobin, red blood cell count, reticulocyte count, platelet count, white blood cell count and differential cell count, with derivation of the mean corpuscular haemoglobin concentration, mean cell volume and mean corpuscular haemoglobin.
Coagulation studies (thrombotest and kaolin cephalin time) were also carried out at these intervals.
Biochemical assays consisted of serum alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, glucose, urea, creatinine, cholesterol, total bilirubin, total protein, albumin, calcium, phosphate, uric acid, triglycerides, sodium and potassium . Urinalysis was also performed at these times and analysis of cerebrospinal fluid was undertaken at termination.
Histopathology
All surviving dogs were aged about 44 weeks when killed at the end of the experiment.
All dogs, including the 2 sacrificed in extremis, were killed by intravenous injection of pentobarbitone sodium and subjected to detailed macroscopic examination.
A full range of organs and tissucs from each animal was fixed intact or sampled and fixed in 10'Yo neutral buffered formalin, with the exception of eyes which were fixed in Zenker's fluid. Following fixation, tissues for microscopic examination were routinely processed and embedded in paraffin wax, sectioned at 5 ILm and stained with haematoxylin and eosin. Additional sections of vasculitic lesions were stained with Goldner's trichrome (Disbrey & Rack, 1(70) .
Results

Clinical signs and mortality
Clinical signs indicative of vasculitis were evident in 5 of the 9 dogs, and varied only slightly from those reported by Kelly et al. (1973) and Harcourt (1978) .
The major features were general lethargy, pyrexia, anorexia, creeping gait, hunched posture and arching of the back with the head held down. In some instances, manipulation of the thoracolumbar spinal region gave discomfort.
During the course of the disease, the symptoms fluctuated greatly with quiescent periods and exacerbations.
The general trend in affected animals, however, was one of progressive deterioration.
The age of onset of symptoms ranged from 24 to 36 weeks.
In 2 cases where clinical signs were observed, the eventual condition of the animals necessitated euthanasia at about 37 weeks of age. Antibiotic therapy (Tribrissen, Wellcome; Clamoxyl, Beecham) and anti-inflammatory therapy (Predno-Leucotropin, Berk; dexamethasone, Berk) were administered to both dogs in an unsuccessful attempt to improve their condition.
Haematology
An elevated total white cell count associated with an increase in neutrophils was seen in all 5 dogs exhibiting clinical symptoms of vasculitis and in 1 dog subsequently found to have the disease. Elevated kaolin cephalin times and reduced thrombotest times were recorded for 2 of the 5 dogs exhibiting clinical symptoms.
These abnormalities were observed only in animals with histopathological evidence of vasculitis.
Clinical biochemistry
Elevated serum globulin and reduced albuminglobulin ratios were seen amongst some, but not all, dogs with clinical and subclinical vasculitis. Again, these changes were restricted to animals in which Brooks vasculitis was later confirmed.
Abnormal values detected for certain other parameters were not consistent and therefore could not be regarded as diagnostic for the disease. Analysis of cerebrospinal fluid revealed a lower concentration of glucose in 2 dogs having clinical symptoms of vasculitis. No bacteria were isolated from the cerebrospinal fluid.
Histopathology
Macroscopic necropsy findings were variable and included thymic haemorrhage and oedema, enlargement and haemorrhage of bronchial, pancreatic and mesenteric lymph nodes, sanguinous cerebrospinal fluid, focal haemorrhage and swelling of the sciatic nerve and adjacent connective tissue, and nodular areas of haemorrhage in the right coronary artery at the base of the right atrium.
Histopathological evidence of vasculitis was variable in extent and degree; the organ and tissue distribution of lesions is given in Table 1 . The condition occurred with equal incidence amongst control and treatment groups and was considered to be unrelated to treatment.
The lesion appeared as a progressive fibrinoid necrosis of the wall of small and medium-sized arteries with an associated and frequently dense inflammatory cell infiltrate.
Vasculitis was focal along the length of vessels and involvement of the wall was either total for smaller arteries or segmental. Figs 1-3 illustrate different stages in severity of the condition.
The inflammatory infiltrate was variable both in terms of cell type and numbers. In most instances lymphocytes, macrophages and plasma cells were the predominant cell types, but occasionally neutrophils predominated.
Fibroblasts were a prominent feature in more severe lesions. The nature of the inflammatory infiltrate was not consistent in individual animals or a particular tissue, nor was there any apparent relationship between the predominant cell type and the stage of lesion development for individual animals. Neither eosinophils nor mast cells were observed to any significant degree.
In general, the worst clinically affected dogs exhibited all stages of lesion development.
Earlier lesions demonstrated intimal thickening and inflammatory cell infiltrates followed by a focal necrosis of the intima with involvement of the media by disruption of the internal elastic lamina. Loss of the internal elastic lamina was progressive and followed by fibrinoid deposition, which often extended beyond the arterial adventitia into surrounding tissues. Density of the inflammatory cell infiltrate increased with severity of the lesion. Thrombus formation with partial or total occlusion of the vessel lumen, aneurysms and limited extravasation of blood were observed in the more severe lesions.
Secondary changes were seen in some tissues. In one instance, a small myocardial infarct was observed adjacent to vasculitis of the coronary artery and, where there was nervous system involvement, animals demonstrated meningeal thickening and haemorrhage with focal necrosis of the spinal grey matter and myelin degeneration of the sciatic nerve. There was no evidence of lymphocytic thyroiditis or splenic amyloid deposition in any of the animals examined.
Investigation of the breeding records revealed no evidence of an hereditary link between affected or unaffected animals and there was no sex difference in response.
Other dogs derived from the same breeding stock at about the same time, and subsequently, did not develop the condition.
Discussion
The clinical manifestation of necrotizing vasculitis in these dogs appeared non-specific and the general malaise and pyrexia with elevated neutrophil count and raised serum globulin were not diagnostic. Although the fluctuating nature of the clinical symptoms and the failure of antibiotic or antiinflammatory therapy to bring about any significant remission may indicate the presence of vasculitis, it is likely that necrotizing vasculitis is to some extent an under-diagnosed disease in dogs. Since there was no evidence of an infectious agent associated with the condition, the clinical diagnosis of meningitis in the absence of any causative organism would be a good reason to consider vasculitis.
Instances of progressive paralysis as a result of necrotizing vasculitis have been documented by Hoff & Vandervelde (1981) .
Although the animals in this study revealed no evidence of lymphocytic thyroiditis and amyloid deposition as described by Harcourt (1978) , the likely aetiology of the disease remains of autoimmune origin. The morphological patterns of immunological vasculitis are discussed by Easley (1979), and Soter (1976) identified a distinction between lesions having extensive necrosis, with neutrophils as the predominant inflammatory cell, initiated by immune complex disease, and those characterized by limited necrosis, with lymphocytes predominant, associated with vasculitis of cellmediated hypersensitivity reactions. The lesions observed in this investigation did not show an exclusive similarity to either of the above categories.
The inflammatory cell infiltrate was variable, being predominantly mononuclear in the majority of instances, but occasionally neutrophils were the most frequently occurring cell type. Mural necrosis was frequent and extensive. The pattern of vascular degeneration is, however, similar to that found in acute immune complex disease. Cochrane & Koffler (1973) described the progression of vasculitis from a mild proliferation of intimal endothelial cells followed by infiltrates of neutrophils with degradation of underlying membranes, notably the internal elastic lamina; and progression to fibrinoid necrosis. Kniker & Cochrane (1965) suggest that neutrophils are essential for development of the cardiovascular lesions of serum sickness and the ability of activated neutrophils to inflict damage upon adjacent tissues is clear (Salin & McCord, 1975; Babior, 1982) . Macrophages are also capable of such activity, although to a lesser extent (Reiss & Roos, 1978; Oyanagui, 1982) . Immune complexes form granular deposits during the process, but these are rapidly removed by phagocytic cells and after 1-2 days very little complex is detectable (Kniker & Cochrane, 1965; Cochrane & Koffler, 1973) . All the dogs in this investigation had received a series of antigen masses in a prophylactic immunization programme against distemper, hepatitis, leptospirosis and canine parvovirus, but there is no evidence that these antigens were involved in the aetiology of the disease. Not all animals in the population exhibited the condition and among those that did there was a wide variation in the extent of vascular involvement.
It is possible that those dogs unaffected at termination of the experiment could have developed lesions at a later time if allowed to live.
The precise aetiology of this unusual outbreak of necrotizing vasculitis remains obscure. In this respect it is of concern that the condition could reappear in the future.
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Zusammenfassung
Bei 9 Tieren aus einer Gruppe von 32 Beagles wurde das gehaufte Auftreten einer nekrotisierenden GefaBentziindung beobachtet. Das klinische, biochemische, hamatologische und pathologische Erscheinungsbild der Erkrankung wird beschrieben und die miigliche Atiologie dis-kutiert. Diese Befunde wurden bei anderen Tieren aus der gleichen Zucht weder vor noch nach Ausbruch der Krankheit gesehen. Es wird mit Interesse verfolgt, ob eine solche Haufung von Fallen auch in der Zukunft auftreten wird.
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